Individual aggregates, migrating pseudoplasmodia, and sorocarps of Dictyostelium discoideum were assayed for proteolytic activities by colorimetric and fluorometric techniques. Cathepsin D-like and cathepsin B-like acid protease activities were found to decrease throughout development, but the patterns of decrease were different for the two enzymes. A gradual decrease was found for cathepsin D, whereas a sharp decrease between aggregates and migrating pseudoplasmodia was detected for cathepsin B. By using microdissection techniques and fluorometric assays for amino acids and peptides, prestalk cells and prespore cells exhibited no difference in cathepsin D activity, whereas cathepsin B activity was higher in the prestalk cells. Similarly, stalk cells and spores in the sorocarps showed no difference in cathepsin D activity, but showed a fivefold higher cathepsin B activity in the stalk cells. This finding suggests a possible role for cathepsin B in stalk cell differentiation.
During morphogenesis of the cellular slime mold Dictyostelium discoideum, amoebae aggregate to form a multicellular migrating pseudoplasmodium, which later differentiates into a sorocarp composed of stalk cells and spores (5, 13) . Aggregation and differentiation from one initial cell type to two final cell types are induced by starvation, especially of amino acids (15, 16) . Protein degradation occurs during this process, as measured by decreasing cellular protein content from amoebae to sorocarps (6, 7, 27, 31) . Thus, information on protease activities during development of Dictyostelium would be of interest, especially with regard to stalk cell and spore differentiation, because the former undergoes aging and cell death, whereas the latter is a storehouse for future germination. Sussman and Sussman (23) and Wiener and Ashworth (30) reported acid protease activity at pH optima of 2.3 and 2, respectively, with minor changes in activity during development (30) . Recently, in a related species, Polysphondyliun pallidum, O'Day (18) reported two peaks of acid protease activity (pH optima 3.5 and 6.0) during microcyst germination.
Results of experiments described in the present report indicate that cathepsin-like protease activities are present at different stages of development. (Reasons for attributing the proteases to be cathepsins will be discussed in a later section.) Single slime mold individuals (aggregates, migrating pseudoplasmodia, or sorocarps) were used for these assays. Moreover, with microdissection and a fluorometric reaction for amino acids and peptides, protease activity differences in differentiating cell types were studied. No difference was detected in cathepsin D activity between prestalk and prespore cells at the slug stage and between stalk cells and spores at the sorocarp stage. However, cathepsin B activity was higher in the pseudoplasmodial prestalk cells than in prespore cells. Similarly, cathepsin B activity in stalk cells was fivefold higher than in spores.
MATERIALS AND METHODS
Culture conditions. LyophFlized individual pseudoplasmodia of D. discoideum (strain NC4) were prepared as described previously (11, 20 (19) , by using unincubated controls as blanks. Each trichloroacetic acid-soluble portion was added to 1 ml of ophthalaldehyde buffer (50 ml of 0.4 M borate adjusted to pH 10 
RESULTS
Characterization of acid protease activities. A preliminary study of inhibitors of Dictyostelium acid proteases is shown in Table 1 . Cathepsin D activity was inhibited by diazoacetyl norleucine methyl ester and partially inhibited by pepstatin. The latter finding suggested that other acid proteases may also be involved because crude cell extract was used in this enzyme assay. Cathepsin B activity was inhibited by iodoacetate, iodoacetamide, tosyl lysyl chloromethyl ketone, chloroquine, and leupeptin. In conclusion, besides the pepstatin result, all properties of enzyme inhibition correlated well with known cathepsin D and cathepsin B activities (4) .
Cathepsin activity of whole individuals. Single slime mold pseudoplasmodia were used to assay for acid protease activities by using azoalbumin as a substrate. The colorimetric protease assay results are shown in Table 2 . Protease activity per unit (dry weight) decreased throughout development. At any one stage of (18) , whose pH 3.5 protease activity was higher than a pH 6 protease activity in a related slime mold species.
To achieve greater sensitivity, a fluorometric assay for amino acids and peptides was used. Individual D. discoideum sorocarps of different sizes were chosen to check cathepsin D activity at pH 2.75 with respect to protease concentration. The assay was found to be enzyme (tissue) concentration dependent (Fig. 1) . The same assay was done to check cathepsin B activity at pH 5.5, except that culminating pseudoplasmodia of different sizes were selected for enzyme assay. Again, the results showed concentration dependence for the enzyme reaction (Fig. 2) .
We also examined the protease activity with the fluorometric method during three different stages of development by using individual aggregates, migrating pseudoplasmodia, and sorocarps. To show time dependence of the protease assay, reactions were stopped at various time intervals by trichloroacetic acid, and products were tested fluorometrically for released amino acids and peptides. Cathepsin D activity during development is shown in Fig. 3 , and cathepsin B activity is shown in Fig. 4 . In agreement with results obtained from colorimetric assays, both cathepsin activities in the cellular slime mold decreased from vegetative amoebae to mature sorocarps. However, the decrease pattern for cathepsin D was different from that of cathepsin B. Decrease in cathepsin D activity seemed to be gradual, whereas there was a sharp decrease in cathepsin B activity from aggregation stage to migrating-pseudoplasmodium stage.
Cathepsin activity in differentiating cell types. The fluorometric method was used to investigate cathepsin activity in the two cell types. By using microscalpels, the tip or prestalk region (the front fourth of the migrating slug) was cut away from the midsection of the slug, However, cathepsin B activity gave a totally different picture. In the migrating pseudoplasmodium, cathepsin B activity was 1.7-fold higher in prestalk cells than prespore cells (Table 3) . Also, in the sorocarp, cathepsin B activity averaged 5.6-fold higher in the stalk cells in the spores (Table 4) .
Some values in Table 4 for spore-specific activity were less than twice the blank values, so it was necesary to determine whether this represented actual cathepsin B activity in the spores. We assayed for cathepsin B activity in isolated spore tissue of increasing dry weights. As spore dry weight increased, cathepsin B activity also increased (data not shown), indicating (1) to (4) , and 51.4 yi was used for (5) and (6) (1), (2), (3), and (7); 58.3 yd was used for (4), (5), and (6). In (1) to (3), readings were at least twice the blank values; in (4) to (7) There may be other proteases in the cellular slime mold. Partial inhibition by pepstatin indicated the possibility of additional acid proteases. Native hemoglobin-acrylamide gels showed three protease bands with amoebae extract at pH 2.75, and at least three peptidase bands had been detected by using dipeptides as substrates (D. Fong, unpublished data).
Our finding of fivefold higher cathepsin B activity in stalk cells than spores is consistent with earlier results of Gregg et al. (6) , who reported that spores retained higher protein content than stalk cells. Because cathepsin D activity was similar in the two cell types, it is possible that cathepsin B was responsible for higher stalk cell proteolysis.
The evidence suggests that cathepsins and other proteases may play roles during development of an organism (9) . Cathepsin D was shown to be needed for amphibian metamorphosis, because its inhibitor pepstatin selectively blocked hormone-induced tadpole tail fin regression in vitro (21 Cathepsin B may play a more important role in cellular regulatory phenomena than cathepsin D. For instance, in a study of muscles of dystrophic chickens, an increase in cathepsin B activity correlated well with muscle autolysis and preceded any increase in cathepsin D activity (10) . Cathepsin B and related thiol proteases indicated preferred digestion of young cytosol, whereas cathepsin D showed no preference in a study comparing protease digestion of young versus old rat liver cytosol proteins (29) . Our data for D. discoideum also suggested a regulatory role for cathepsin B during development. There was a marked difference of cathepsin B activity between stalk cells and spores, whereas there was no difference for cathepsin D activity.
Hence, cathepsin B may play some developmental function in the cellular slime molds. Perhaps the localization of cathepsin B activity in the stalk cells is a reflection of cell-specific protein degradation. The protease activity difference between stalk cells and spores may be due to selective synthesis or degradation of the enzyme, activators or inhibitors of the enzyme, or secretion of enzyme into the medium. O'Day (18) reported that inhibitors were probably absent and proteases were being secreted, at least during microcyst germination in Polysphondylium. Obviously, the role of proteases in Dictyostelium needs further study.
